0 8-0 3-04; 0 6: 52 PM;Pl*#lS*MHffi 



SUGHRUE 



;0332733630 



# 11/ 18 



I".'ii2^'"i)t ^1 ^ ^iM'CAL Cilnlwrnv V«l. 274, Nth 12. Ihuu of Alarch 1ft. pp. 7ft7fi-7ftHl . 1 

0 1909 by The Amurlcikn 6ii4(«iy f^r lliwhrniiiHry and Mdccular Sfnlflgy, Inc, PHhiKi in U.SA. 

The Cell Death-promoting Gene DPS, Which Interacts with the BCL2 
Family, Is Induced during Neuronal Apoptosis Following Exposure 
to Amyloid fi Protein* 

(Eoccivod far publication, Mpy 4, 1098, flTlcl in revised form, Duccmbcr 11, 1995) 

Kazunori Imaizumii:$ll||, Takashi MoTiharall**, Yasutolw Moritl1» Tttiichi Katayama^SH^ 
Manabu TsudatS^, Tatsuo FvruyaiaatD, Aldo Wanakntt, Ma^iMtoshi Takeda*** 
and Masaya Tohyama^^ 

From the DcpartmQiUS of tAncitOm^ and Neuroscience and ""^Neuroptf^ychtairy, Otiaka Unwemity Medical School, 2-2 
Ytitnizdaoka, Suila^ Qaaka 5G5-0871, Japan, ^Tanabc Sviyakii Co. Ltd., :S-2G-S3 Katthima, Yodogowaku, Onaka S32-0031, 
Japan, (Ik fi^wtUuti; of Biomedical Sciencea, Fiikutihima Medical College, Fukunhima 960-2247, Japan, and TlCorc 
Research for Evolutional Science and Tvchnology (CREST), Kawaf^iichi 332-0012, Japan 



Dr*5, which tibntainfi a EH3 domain^ was clonod ats a 
neuronal apoptoediEi-inducin^ ^«ne* To conftrm that DP5 
interacts with mombor& of the Bel -2 faniily* 293T cells 
were transiently co-transfoctod with DPS and Bcl-xl 
cDNA conHtmctSi and immunoprecipitation was cai^ed 
out, Tho 30-kDa Bcl-xl was co-immunoprccipitat^d with 
Myc-tagecd DPS, KiigicfeRtincr that DPS phyBicuIIy inter- 
acts with Bcl-xl in mammalian cell^^ Previouely, we re- 
ported that DPS is induced dtu*i ai;; neuronal apoptosis in 
cultured sympathetic neurons. Hercs, we analy?:ed DPS 
gene oxprutiKion and the specific interaction of DPS with 
Bcl-xl during neuronal death induced by amyloid-/! pro- 
tein (A DPS mRNA was induced 6 h after treatment 
with A )3 in cultured rat cortical neuronfi. The protein 
encoded by DPS mRNA showed a tdpcjcific interaction 
with Bcl-id. Induction of DPS gene oxpreHuion was 
blocked by nifedipine, an inhibitor of L-typo voltage-de- 
pendent calcium chann«^lei» and dantrolene* an inhibitor 
of calcium release from the endoplasmic reticulum. 
TheRe results suggested that tho induction of DP6 mRNA 
occui^ii dowHRtream of the increase in cyto^olic calcium 
concentration caused by A /3< Moreover, DPS spociflcally 
interacts with Bcl-sd during neuronal apoptosis follow- 
ing exposure to A fi, and itti binding could impair tho 
Hurvival-promoting activities of Bcl-^. ThuH, the induc- 
tion of DP5 mRNA and the interaction of DPS and Bcl-xl 
could play significant roles in neuronal do^neration 
following exposure toAfi. 



Apoptoais^ or pro^jramnied cell death, plays an important 
rolG not only in neuronal development and difTiirentiation of the 
central nervous systom but uIko in the pathogenesis of a variety 
of nourodeffenerative disorders such as AlzhoiniLVH diReoRe, 
However, tho molecular {^v^ntEi or cai^cades underlying noura- 
nul dGiith regulated by the genetic program atill remfiin un- 
clear. Elucidation of tho molecular mechanisms underlying 
neuronal death could contribute to uudorsLonding of the pntho- 
pliysiology of nourodu^cnerative disorders such as Alzhoimor'ii 
diiieu£iG, 

Previously, wo isolated ei novel gene named DPS that iy 
induced during neuronal apoptosis using rat sympathetic neu- 
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rons in culture doprived of NGF (1),^ This gene has the follow- 
ing unique features: 1) the encoded protoin has a BH3 domain, 
which is osaontial for interaction with Bcl-2 and Bcl-xl, and a 
tranfirQembr&ne region at its C-terminal; 2) ila eKpresaion 
shows marked induction with peak leveU at Id h after NGF 
withdrawal, concurrent with the time at wliich ncuroms are o 
committed to die in tho sympathatic culture model; and 3) i 
ovoroxpraaHion of full-length DP5 in cultured nouroua woa auf- a 
fident to induce apoptosis. In tho dovolopinj^ murine nervous 
systomp DF5 mllNA was localized in several tissues such as tho g< 
trigeminal and dosal root ganglia and the anterior hgm of the ^ 
sinnol oordf which are known to wntain a number of apoptotic % 
cella in the mouse embryo. These obsorvaUon£ eufs^eated that ^ 
DP5 could be aasociatod with tha phenomena of neuronal deatli ^ 
in viuo (2). ^ 

Recently^ Inohara et aL (3) cloned the human gene Harakiri ^ 
(Hrk), which physically interacts With Bcl-2 and Bcl-xl. The o 
polypeptide encoded by Hrk has a BH3 domain and trangmem- -n 
brono region and is highly homologous with DPS {72% identi- S- 
ty), augRepting that DP5 and Hrk are homologuea from differ- m 
ent species. Nbk/Bik (4, 5) and Bid (6) were identified as ^ 
proteinH that contain only BH5» and both interact with mem- 
bers of the Bcl-2 family and have death -promoting activities. o 
Howcaver, thes^e proteins do not show any sienificnnt amino acid w 
homology beyond the conserved BH3 domain. 

Amyloid protein CA jS) damages and killa cultured neurons 
by a mechanism involving oxidative streHs and disruption of 
cellular calcium homeostasis (7-12). Morphologically » thia type 
of neuronal death shows hallmarka of apoptoaie including cel- 
lular ^^hrinkai^e, blebbing of the plasma membrane^ nuclear 
condensation^ and nucleosomal fraf^mentatign (13-1.5), To gain 
insight into the neuronal responses to A p at tho molecular 
level, analyses of the cHccts of A /3 treatment on neuronal gene 
expfesKion in w^ro have been carried out (16). Some ^ne 
eTcpression patterns induced by A ^ treatment were markedly 
similar to thoae of aympathetic neurons deprived of NGF» au|^- 
gesting that a genetic cascade is nccoiiaary for neuronal death 
following expqaure to A similarly to NGP-doprivod neuronal 
death. 

In the preaent study, we determined whether DPS gene 
expression was closely afisoeiated with the process of neuronal 
apoptofiig induced by A /3 in addition to sympathetic neuronal 



^ The abbrevijitiortrt uHcd iXiv: NGF, nurvo growth factor; A /3. amy- 
toid-/3 protein; RT, rtV(.-ri40 trun»criptioni PGR, polymerase chain reac- 
tion: ER, endflplftitmic reticulum; FBS, phosphate-buffered saline; X- 
gaL IS-brotno-4*ch1oro-3-i ndolyl-b-D-iinluclopyronoaide. 
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death as roporlad pfeviausly (1), Furthermore, the changes in 
binding between DPO and the doath rDprt^^iKor protein Bcl^xl 
were alfid exsunined in the culture model. We report horo that 
DPS mRNA cKpression was induced and the encoded protein 
intoriicted tipecifically with Bcl-xl during neuronal doatli fol- 
lowing exposure to A Our in vitro reeulta fsuggeeted that DP5 
may have an important role in neuronal apoptoeie icduct^d by 
treatment with A fi aud in the neuronal 1o96 associated with 
Alfehcimer'fi diHe^fle. 

EXPERIMENTAL PROCEDURES 

Primary Culture and Traatment wUh A ^ — Primury culLu™ of ncu- 
raaul «e1lH woru pn^pared from the cortex of fetal raLEi at 18 dnyM of 
eeatation. The directed tlHHUCH w^rtj Ironled with papain (Sigma), 
0.02^ DL^cyuiuine-HCU bovine nerum albumin, Of?% ({IucOhv, nnd 

0.1% DNase to disHocint* the cdld. Aliquole of l>clO'' gsUb were plated 
in lO-cm dishoB coated with poly-L-Iynine nnd mnintaiilvcl nl 37 *C in 
Dulbecco'rt modified Ei^^Iv'k medium contnining 10% fetal calf fierum. 
On the next day, the medium wha chftfiff^'d to Dulbccco^e modiiiod 
£ii(;1e'H modiuTti containing B27 supplement (Life Technolofpen, IncJ in 
place of fetal calf flemm, and culturif Wap maintninod for 5 days before 
A /^HtitTkuliiliOA. A ^i£b_siAt A ^i_4m and A^^h.i (Bachem) ntock AoIvtioDft 
were prepared ob 1-mM alockft in nivtWv distillud wntor. Cultured rat 
primitfy nouTons woro exposed to A ^ by the culture me<If um rapUxdTxii 
with Dulbecco'H modiHed ISajTltj'ti mi»dium/B2'7 containing 20 or 40 /mi A 

Tho numbers of livinjg^ ccUb were counted bribed on morphological 
criteria and trypan blvv tftninini; at vanous time points after treatment 
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Fig. I. Structure of DPS polypeptide. A, amino acid i^vCjuonco of 
DPS polypoptido. DPS consiBta of 92 amino acids. The conaerved 3H3 
domain nnd pututivo tranEmcmbrane region are indicated by a box and 
Sinflli undctlinct rc^pcctivoly. schematic structures of DP5 and Bcl*2 
family. C, COmpAritfon of Lho BH3 domains between DP5 and Bcl-2 
nimily member^. The amino ndde Burrounded by dotted tinea are con- 
Berved in all memberH, 



witli A 

RT-PCR Aaa/y^i*— Aliqufltft of 3 of total RNA purified from pro- 
plated cortical neuron cultures were reverfie^trnnflcribod UHin^; 300 
unitH of Moloney murine leukemia virus reverse transcriptaAe (Life 
TcchnolOidt'^P Inc.) in 60*^1 ronction mixtures in the presence of 2.5 ^\ 
oliffo(dT) primer atW 20 m dNTP mixture for tiO min at y? *C. For PGR 
amplification, specific oliRDnucU^Qtide primer pairm (0.5 fxM each) wore 
incubated with 1 ^l ofcDNA, 1 unit of Ta^ polymerafle, 1 X Tatj bufluf 
(JO mM Triu-HCl (pH 8.3)» 60 mN KCU 1-5 mM MgCl^), 10 /lm dNTP 
mixture, and 10 jxCi of Fw-^^'PldCTP in n 20-fj,] reaction mixtures. The 
sequenceB of primeni uBed in thiei Htudy wer<? follciwHr DPS uunBu 
primer, 6'-AGACCCAGCtCGGAGCGAGCAA-3', and DPO antirienne 
primor, 5'-ATAGCAGTGAGGTGGCTATC-3^ neuroHlamenl^M flenae 
pnmer, 5'-TGGCTTAGATGTGAGCCCTG-y\ and neurorilament-M an- 
tisensfi primer, 5'-GACTATGGCATGTCAAGTGACC-3'; Bcl-2 sense 
primer* 6"-CTCCTGdACAACATCCCTC!TG-3', and EcN2 antiHuHHV 
primur, 5'-GGTCTGCTGACCTCACTTGTG-3'; Ecl-xl sense primer, ij'- 
AGGCTGGCGATGAGnTGAA'3', and Bcl^xl nntifiense primer. 5'-CG- 
GCTCTCGGCTGCTGCAlT-a'; Box wense primer, S'-TGGITGCCCTT- 
TTCTACTTTG-3\ and Bax ontisense primer. 5'-GAAGTAGGAAAGG- 
AGGCCATC-3'. Topical PCRparametorB wore 1 min at 94 "C* 1 min at 
60 "C, nnd 30 fl ftt 73 »C for 22-24 Cyclou followed by 72 'C for & min. 
Aliquota of 10 of each reaction mixture were electropborbri<td through 
5% potyaczylamidc gets, and the dried gels were sulyected to autora- 
diOiOTuphy. Control oxporimDnis wore performed to determine the range 
of PGR cyclefl over which amplificiition vflivicncy romainod constant 
The identity of each PGR product was confirmed by ftubclonin)f tho 
nmplifiod cDNAs into the pGEM-T vector (Promega) and sequencing, 

Intf-wUm of DPS and Bcl'2 Fam/Vy^Aliquots of 1^10'^ primary 
neurons were plated on 10-cm difth^H, Two dirtht^W w<;rt^ uwlhJ per immu- 
noprijcipitation. Cells were harvested and rinsed twice with PBS and 
then lysed in 1 ml ofbunVT conUiinin*? 10 mM Tris-HCl (pH 7.8). 0.2% 
Nonidet P-40, O.IG m NaGl, 1 mAi EDTA, 10 Mi^/ml Aprotinin. LyisaloB 
were centrifuged at 13.000 rpm for G min to remove large cellular 
debHiii, For vmh immunoprocipitntion experiment^ 3 ;ig ofantibody was 
used. Somples were inpyhated for 1 h rtt on n rockor with the 
antibodies. Itecombinant protein G agarose (Life Techno]o;;ie>rf, Jnt.) 
wnfl nddc'd to each sample followed by another 1-h incubation at 4 °G on 
a rocker. The beadfl vvt^rv then wnehwd five times in lysis buffer to 
reduce nonspecific binding, AJler the last wash, oil buHVr wnn r«rtioved, 
and reducing sample buffer was added to each reaction mixture, S&trt* 
pleR were boiled and loaded onto u 5-20% i^rndioni SDS-polyocrylamide 
geL After electrophoreaiB, proteinn were trnnaferred onto Immobilon P 
mombrEmcB (Millipore). Biota were preblocked in PBS containinf; 5% 
nonfat milk, and wavhoB were performed using PBS containing 0.1'^ 
Tween 20 (PES^T), Primary antibodift* wwc uwd at 0.2-0.5% (v/v), and 
detection was performed with 0.1% alkaline phoflphatnrte<conju»f4itcd 
^aL nnli^rabbit IgG (Boehringer Mannheim) or goat anti-mouse IgG 
(Sifima) in PBS-T with 5% nonfat milk by the nlkalino phosphatase 
method. Anti-EcI-2 and Bcl-xl monoclonal ftnlibodivfc* w^rc purchased 
from MBL (Japan). Clone SElO monoclonal antibody waH UBed for 
defection ofMyC epHopo siKiuvnco. Anti-DP5 polyclonal antibodies were 
reised againat the recombinant Klulnlhionp ^-tranufcruHe-DPS fuuion 
protein <1) and peptide corresponding to amino acid rei4iduea 2&-58 of 
DPS. 

Pltinmid Crmf:tntction—Thv mammalian (.'xproBBion ptaamida SFl^V- 
humon BcI-2 and niouae Bcl-xl were provided by Pi^f. NunuR <Univor- 
aity of Michigan Medical School). The Myc epitope sequence ui- 
tached to tho rat DPS cDNA to generate Myc-rat DPS by PGR and 
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Pjr., 2. Intcrnction of DP5 und Bcl-xl in 293T ccUa. 2B3T cells were tnvnpicntly transfccLcd with the indicated plasmids. The DPS expreaBion 
ploumid wflit tn^i^jd with the human Myc amino acid sequence at the N terminus of DPS. Traniafection was performed with equal amounts of 
pliWmid DNA uainij vmpty plasmid ne a control. A, lyaaben were inunurtOprccipiLatcd (IP) with iinli-Myc antibody. Immunoprecipitates were 
iittfflunobloLUjd with anti-Bcl-xl antibody {upper panel) and anti-Myc antibody (lower panel), /?, immunoprecipitates with anti-Bcl-xl antibody were 
imniunoblottcd with nnli-Bcl-xl antibody {upper panel) and anti«Myo antibody (lower panel). 
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Fig. 3.Ap neurotoxicity in rat Gortlcul n4Ut*vnfll culture. Rep- 
FDSontntivD phoBe-contraBt micTDgraphn af cortlcAl nciifonei. A, contnol 
vuKun.'. B, culturE? expoaed to 40 /lai A ^;zr..nr, ^Of h, A ff-ti-univd 
i>Curon» undorwont dogGnoration; degenemtinf; neurons i^howiL^d tlitc 
rupHort of nuufilufl, ohrinkoge and irregularly shaped eel] botiitn. C, 
time course oT A j& ncutoloAicity. Culturo neurons were expofled to 40 MM 
A. ^yjs^jiB and 40 /Lu A i^,,^^^ with ut without cycloheximide (1 /ig/ml). 
Changes in survival oFneurortri fit the HrX-'vificd time pointa were detei^ 
mined. Kesults ai-e presented fls the mviiti porcontngoe of aurviving 
celln ^ SD observed in five independent exi^dimofltE. 



cli^nrd into pCDNAS or pIND (Invitrogen). 

Human embiyonic kidney 293T ct^Hs* wtTv uwud for transient trona- 
rectioti. culturo dishes containing BxlO" cells were tnm^rcctvd 

with G Mff of plaamid DNA by liiJofvction (LipofectAMINE, Life Tech- 
nological Inc.). Tho levels of expreflsion of each protein Wftc dclcrminod 
in tottil ly«ate** by Wcwtofn blotting. For inducible expresflion, tranf4feC' 
tion of plaamidR and induction aV exprenniort were porformcd according 
to the HUpplitti^'B fccommyndotions. Briefly^ Myc-t}PS cloned into pINIj) 
WQB cotransfected with pVgRXIt IrttO 293T wllu. On the next day^ cells 
were truntod with A fiAi muriateronG A (Invitragen) to irtduw intrucul- 
lular exprefiEtiart fmm pTND, 

X-Gal S^ainm^— For X-gnl staining of celU eXprctmmg P-gnlactosid- 
ni4e, (r'ellH -wvrv iixed in 1^ gtutaraldehyde for 3 niin and jutoined with 
X-gol solution (100 niM Bodium phodphflle buffer (pH 7.2), 10 mM KCI. 
1 rtiM MjrCI:,, a mM Ki,Fc(CNV 3 niAl K^'Pe(CN)„, 0,1% Ti-iton X-100, und 
0.1% X-gQl) ot 37 "C. 

RESULTS 

Structure of DP5 Polypeptide and Its Interaction, with Mem- 
ber's of the Family — DP5 htiH fi I3H3 domain, which was 
shown to be essential for tlio intGraetion with Bcl-2 and Bd-xl 
proteins (Fiff. 1). Recently, Hrk, which was considered to bo a 
human DF5 homologucp was shown to internet with Bcl-2 and 
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FlO. 4. RT-PCR ttniilyjjlii of OT5 mRNA v^cprustf ion oftor troat- 
niDDt with A p. Cortical neurons were e^pofted to 4Q A jS-^n^-ih A 
^i-4u (^)i i^nti A ^4Q_, (C) for the indicated intervalH. Total RNA wob 
iwlnUnl nt oach time point and then Teverae-tranflcribed fallowed by 
PCR unnlyBiB for DP5 and Bcl-2 family members as described undtM* 
'^xp^rimciltiil ProcudurDB." Nourofilament-M (N/^ was used an an 
internal mnrkvr. 



Bcl-xl by in Ditto trantif^action analyaiEi (3), Tq confirm that rat 
DPS interact? with meniberB of the Bcl-2 familyp 293T colls 
were transiently co-trnnsfoctod with c^xpreHRian plaHmidp pro^ 
duciiifj Myc-t&pped DPS and Bcl-xl. Imraunoprecipitatos wore 
prepared vising anti-Myc monoclonaJ antibody and subjected to 
immimobldjttinjj with anti-Bcl-xl antibody. Western blotting 
with anti-Bcl''Xl antibody revealed that 30-kDa Bcl-xl was co- 
immuuoproeipitjiti^d wiUi Myc-DP5 (Fi^, 2A), Ae» the reverse 
expi^riment, we perfonned iimuuDoprcdpitatian using anti- 
Bcl-xl antibody, followed by blotting with anti-Myc antibody. 
The lO-kDu Myc'DPS was co-immunoprecipitatcd with Bd^xl 
(Fig. To cxofflinn the intaructdcin of Bcl-Si and DP5, we 
porfoAUEid immungprecipitation experiments similar to thoso 
used to assess the DP5-Bcl-xl iniemctian, Qur reavlt? con- 
rirmod that DP5 Hpedfically interacted with Bcl-2 (data not 
shown). However, we detected only a faint band of Bcl-2, which 
interacted with Myc-DP5 in contrast with the results of immu- 
noprecipitntion witli anti-Bel-xl antibody. Accordingly, we ex- 
amined only the interaction of DP5 with Bcl-xl in tlie next set 
of experiments. 

Neuronal Death byA 0 Toxicity — To determine the neuronal 
toxicity of A cortical neurons woro cxpo^t^d to A /Saa-jc or A 
f^i-AO ^ concontrntion of 40 /iM, Viability was quantified by 
trypan blue staining and morphological criteria at various time 
pointii. Ntiurorui bcRjin to degenei-ate asynchronously, exliibit- 
ing shrinkage and irregularly fihaptd tell bodies with dystro- 
phic neuriteH from fibout 12 h after A /3 exposure (Fig. 3). At 
24 h» cultures treated with both A pj^a-jn ^ /^i-^o showed 
40% cell flurvnval compared with controls. Neuronal doath was 
prevented by treatment with cycloheximide, a protein synthe- 
KiR inhibitor, at the same time as addition of A /3, Thoso ronultei 
suggested that A ^-induced cell death is dependent on macro- 
molecular synthesis and is controlled by a genetic prof^am. 
Our obiiervutianH were conKintent with those of previous stud- 
ies (13, 16p 17). 

Expression of DPS mRNA during Neuronal Death — ^To deter- 
mine tlie temporal changes in lovelii of DPS mRNA during 
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Fig. 6. DPS uiItNA cicproHBion on trcatxnGiit of cortical neuron*^ with iiifc-ntH thut prcvont neuronal douth induced by A Pan-iO' 
nflor corticnl neurons were treated with 40 /iM A for 12 \\ in tht pf^nertCt or nbftieoce of 2 Of 5 im fiifydipino or 2 or 5 /am dnntrolonu, tho 

numbt't^ ufd/intf collie won? counlod. The data (means ^ S.D.) shown are percentagen of dead cellH, Data were collected from at lea^t five 
in^Cp^ncJent vXIK'iriTllvilU. RT-FCR nnnlysia of chfuigoB in DP5 expreBBion 6 h after expoBure to 40 A Ajf^ji^ in the prenence of cell death 
blockerft, Neuroniamertt-M wti» UHod uk nil jniomol control. C, quontiiication of changes of DPfl expreBBion BuppineBBed by cell death blockern, 
CliangeB in tlie leveln of DP5 w<'ro (|u4intincd by Scanning Imager (Molecular DjmamicH) ana^BiE of polyaciylamide gels Buch qb that shown in£. 
Cont^ control. 
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Fin, 6, Tnteruction of UPS rtnd Bcl-xt durin}^ nouronnl death induced by A ^smvh- Primary cultures were maintained in the presence or 
ftbflence of 40 A for 6 h bufort" hnfvcBlini;. Followinjj immunopredpitation with anti-recombinant DP5 antibody, eamplGE were subjected to 
immunoblottinK analysis UHinjCADli-Bd-Kl nnlibody. Although control lysates did not show a 3D-kDa i3cl-xl bond, lysateEi from neurons treated with 
A ^ for 6 h showed a single Qcl-xl bnnd (C). WvbIutti bloltint^ showed that DPG protein waa induced in cortical neurons treated with A ^ (A), and 
the amounts of Bc1-)£l proteiii in both Ctll Iy»nl«» wvfu oquivnlonl tB). The asterittk indicates a nonspecific band. 



neuronal death induced by A j3, we performed reverse tran- 
ficription of mRNAs isolated from cortical neuronal cultures 
before and at various time points after A /3 treatment and 
analyzed tho proporlionti of DP5 cDNAq obtained u?ing RT- 
PGK (Fig. 4). We also analyzed the expression patterns of 
members of the Bcl-2 f&mily including Bcl-xl, and Bax. 
DPS expression level was relatively low boforG A eiimulation. 
This Bignal increaKod nt C h after addition of 40 A ^^o^o* 



and tho level was maintained at loo^l until 12 £>howin^ n 
subsequent reduction after tliis time point that appeared to be 
comiibteni with neurdnal lass (Fif*, 4A). Stimulation with A 
^^ff-^'is 3n<^ A showed almost equivalent induction of DP5 
mRNA (Fi^, 4J3), Moreover, when corticnl neurons were ex- 
posed to A ^^r.„ti3 or A ^]_4o at a concentration of 20 /lm» the 
pattern gf expreEision gf DPS mRNA wnu the same as that at 'lO 
(data not shown). On the ether hand, the leveli: ef Bcl-2 
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family mKNA <3xpr«E&ion did nqt chfinge or were slightly di- 
minished during tho courst^ of cell death, and DPS mRNA 
?xpre(?5ion wao not induced by trentmQul with 40 A ^^q.^ 
(Fij^. AC), Theae results suggested that within tho Bcl-2 family, 
DP5 mKNA wae g^ectiv^Iy induced during A ^induced neu- 
ronal death. 

PreviouB Etudies showed that disruption of collulur calcium 
homooetfljijiti occura in neuronal apoptosis induced by A ^ (7» 11, 
17-19) or deprivation of NGF (20, 21), Indeed, nifedipine, a 
blocker of L-tyi>c voltago-dopondont calcium channel? (22), and 
dantrolene, *m inhibitor of calcium release from stores (23)^ 
prevent neuronal death induced by A JS, We next examined tlic 
changes in DP5 mRNA oxprosaion foUowiHf^ treatment of cor- 
tical n^urgnfi with nifedipine or dantrolono. To test the abilitiefi 
of those two afienta to promote survival, cortical neurons 
treated with AQ ^ A ^^is^^ ^^^^ cultured for 24 h with or 
without tJiene ngents, and the numbers of survivini; neuronii 
were counted. Without additive?, approximately 60% of neu- 
rons died follo\ving oxposuro to A /3, whereaR neuronal death 
wan prevented in the presence of nifedipine or duntrolene (Figf, 
5A). Aftor cortical neuronn were treated with 40 ^am A 0 for 6 h 
in the presence or absonco or Ihiititi af^ents, total RNA was 
extracted and analyzed for changes in DP5 gone exprGsaion by 
RT-PCK. Levolti of products amplified by DP5-specific primors 
were markedly decreased in all catie^ treated with these two 
agents (Fig, 5S), Quantification of the DPS signals showed that 
the expression levolii of DPS in cortical neurons treated with 
calcium blockers were decreased to approximately the name 
levels lui in nontreated controls (Fig. 5C>. 

Interaction of DPS and Bcl-2 Familieft during Neuronal 
Death Induced by A ^— To dotormine whothi^r DPS interacts 
with members of the Bcl-2 family during neuronal apoptosis 
following exposure to A JS, wo performed immunopredpitation 
followed by immunoblotting analysis of DPS and Bcl-xl after 
troatmont with A J3 (Fi^, 6), The expression of DPG protein was 
increased in cortical nourons 6 h aller expoRure to A fi-^G^c, 
conuibtent with the DPS mRNA expression pattern {Fig. 6A). 
DP5 did not bind with Bdl-xl before A stimulation. At 6 h after 
treatment with A a 30-ltDa band of Bcl-xl was detected in 
immunoprecipitateB by anti-DP5 antibody (Fig. GC). Tho ex- 
pression levels of Bcl-xl proteinH were equivalent in A ^-stim- 
ulated and non stimulated cultured neurons (Fi^. These 
results suf^fjeBted that DPS specifically interacted with Bcl-xl 
during neuronal donth induced by A /3, 

Mechanisms of Cell Death Induced by the Exprastiion of 
DPS — Stimulation with A /3 resulted in an increase in level of 
DPS mRNA within 6 h. A spocific interaction between DP5 and 
Qcl-xl also occurred in cell death induced by A J3. Our previous 
study indicated that overexpression of DP5 in cultured nourons 
was sufHciont to induce cell death. Taken together ^ these ob- 
sei-vations suggested that increased oxpreswion of DPS and its 
interaction with Bcl-xl play a significant role in the procGHs of 
neuronal death. To examine the events involved in DP5-in- 
duced cell death after intoraelion with Bcl-xl, we analy7,ed the 
characteriBtics of DP5 espresaion-depondont cell death using 
eedysone-inducible expression systems (24). 293T cells wore 
transiently trnnsfected with a pIND-deHved plasmid express- 
ing Myc-DP5 and pVgRXR plasmid. Aftor culture for 2^1 h, cells 
were incubated in the presence of 3 /am muristorono A, im 
ocdysono analoj^e, for various periods. On addition of murie- 
terone A, 293T colls rapidly began to undergo apoptosis within 
6 h and showed <40% viability at 24 h (Fig. 7). The cell death 
was inhibited by the expression of Bcl-xl. Western bloltinf^ 
analysis rovealod induction of DP5 by 1 h, and the level of 
expression was maintained up to 24 h after treatment with 
muristerone A. 
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FiOr 7, DP5 inducDH upoptoEis in £93T cdUh. A and phase- 
cniitraHt photOtrrnphH of 29yT wIIh nllor induction of DPS in reflponse to 
muriflLerono trertlrtlcrtt (X-jThI HUunintO. X-ffnl-Htnincd OPB-Gxproaainp 
293T cellfl showed flImnHoffe Wi} blvbbirttf (B), nnd thuso coUb incrcasod 
in number with time ntier inductiort, whtTt-itS tilt* BcI-aI t'TcproBHion 
plasmid pSlTFV/Bcl-xl thnt wns co-tranrtfccted with the DP5'indudblv 
plBsniid fihowed intact morpholaf*y (A), C, time COurvv oF cbuitKoff in 
number of living cella. The percentngci of blue intact Cv]\» ntc Hhuwn. 
The data are the meanu ± SD Trom 10 Jleldfi counted iii tl^i'ev indcDvild- 
cni tronafection experiments. D, Pratein iinmunoblottinf; analyHi^ of 
DP5 cxpreHBion oiler induction by niurifiterane, LyaateH pr cell^ At 
variouB time points aftor muristerone-induction were flubjected tO 
WvuLcm blotting nnalyeia usin^ nnti-DP5 antibody. 

Cell death was significantly attenuated in the Ca^"*"-dep]et6d 
etflte by exposure to 1 mM EGTA (Fig, SB), which provided 
preparations witli lew cytosolie and low sequestered Ca^^ (22), 
Dantrolene al?o prevented cell death. In contrast^ depolariza- 
tion by high potastsium (35 nui) or nifedipine did not prevent 
cell death induced by expression of DI*5» suggesting that the 
cell death involvet* calcium releaeie frgm EH and the resultant 
disruption of calcium liomcostasis causes coll death. 
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Fm. a. The effects of various amenta an DPG-irtduacd Cvll dcuth, iho oxproBflion of DP5 protein G h after addition of imiriBtorDnG with 
dantrolene or nifedipine. The amountfl or DPJ5 prql^in irt tACh wU lyrfrttp wi^ro oquivnlonL. ZJ, col] donth prevented by varioue auontH. Living cells 
were counted 24 h afber addition of muriaterone in the preflencc of 35 mM KCl, 1 mM EGTA, 2 or 5 fxM dnntrolono, or £ or S fiM nifcdipino {monnB ± 



DISCUSSION 

PrevifluH Btudies ahpwed that A j3 induce? flpoptoBis in neu- 
rons in primary culture (13, 16, 17). Tlio mochanisma of A /3 
neurotoxicity involve membrane lipid peroxidation and impair- 
inent of intracellular calcium homeostasis (7-12). Howovor^ tho 
dotailod mochimiHrns uru Btill unclear, Wi? found that the mes- 
senger RNA of DP5» which has been cloned as a gone induced in 
programmod coll doath of eympathotic neuronu deprived uf 
NGF (1), was selectively elevated after A jS stimulation. Rc- 
coutly, gOQO oxpr&ssion pallerns during; neuronal death in- 
duced by treatment with A j3 were reported to be markedly 
similar to those observed in tlio models of sympathotic AOurtmii 
deprived of NGF, Le, induction ofc-Jun begin? in the early stage 
follovired by c-Zos^ fosh at the time of commitment to cell death 
in both culture modelH (16, 25). The temporal patterns of ex- 
pression of several genes including DP5 during neuronal dentil 
oiler A trdatment indicated that A p stimulus activates a 
cellular genetic program for cell death similarly to NGF 
deprivation. 

Calcium influx contributes to A jS-induced neuronal degen- 
eration bccuuiiO removal of extracellular cHlcium (SG) and cal- 
cium channel blockers (18» 19) protect neurons against A ^ 
toxicity. So wo oxuminod whethor the DPS gene induction after 
exposure to A JS was changed following treatment with tlicso 
agents. Coll doath was provonted by treatment with nifedipine 
and dantrolene^ which are blockers oft-type voltage-dependent 
calcium ehnnnels and of calcium releaHe from the ER, reopec- 
tively. In these cases, the expreasion of DPS niRNA was signif- 
icantly jiuppr^Hst^d, Hu^f^eating that induction of DP5 mHNA 
occurs downstream of the increase in cytosolic calcium concen- 
tration cau£^ed by A We considered that A j3 stimulus caused 
the inilux of extracellular calcium^ calcium roloaso from tho 
ER, and accumulation of reactive oxygen species, ibUowed by 
activation of the apoptosis cascade involving induction of cell 
death-promoting genes such as DPS, 

Tlic protein encoded by DPS mENA contains a BH3 domain 
that is critical for interaction with members of the Bcl-2 family 
and regulation of apoptOiiiti. Harakiri (Hrk), which wan re- 
ported to bind to members of the Bcl-2 family (3)^ is considered 
to be u human homalogue of DP^ because it shows 72% overall 



amino acid sequence identity and tlie sequence of the BH3 
region is complotoly eoniiorvod. Hrk physically intoractii with 
Bcl-2 and Bcl-xl at the BH3 region. We confirmed that DP5 also 
possessed tho ability to intoract with Bcl-2 family mombora. 
Nbk/Bik, Bid, and Hrk are known as proteins that contain only 
BH3 and woro idontiljod recently a^^ interacting partnorti with 
Bcl-2 family members (3-6), Overexpression of these proteins 
including DPS is sulliciont for induction of apoptosiia in tiovoral 
types of cells. The mechanisms by which these molecules in- 
duce apoptoais aro not woll known. There ore two pot^^^ible 
mechanisms as follows: proteins that contain only BH3 may be 
death effector molcculOB^ i.e. Bcl'2 or tho other Bcl-2 family 
members may be dominant negative regulators; alternatively, 
these moleculeii may promote cell death by inhibitinj^ the 
death-suppressing activities of the Bcl-2 family. In the present 
study, tho level of expression of DPS in neumnia wuh low under 
normal conditions. Death signals audi as A ^ stimulus caused 
the accumulation of DPS mBNA, but levela of exprenHion qf 
Bcl-2 family members were not changed or were diminished. 
Furthermore, the protein encoded by DP5 mRNA interacted 
with Bcl-xl during cell death. These observations lead us to 
hypoth^tsizo thti scenario as fallows; A /3 stimulus cauBe^ the 
selective accumulation of DP5 mRNA by increasing intracellu- 
lar calcium concentration involved in activation of the cell 
death cascade followed by interaction of Bcl-2 family members 
and DP.5 protein via the BH3 region. Binding to the BH3 
domain could impair tho survival-promoting aetivitiets of tho 
Bcl-2 family (27, 28), However, we cannot exclude the possibil- 
ity that DPS could be im effector molecule bccuuKe overexpres- 
sion of Bcl-xl inhibited the killing activity of DP5. 

To examine the molecular events involved in DPS expression- 
dependent cell death, we established an ecdysone-induciblo 
exprendon i?yfltem for DPS, 293T cells expresaing DPS rapidly 
underwent apoptosis in thiii byiitem^ and thiib cell death wati 
blocked by perturbation of intracellular calcium concentration. 
Dantmlene, which in an inhibitor i>f calcium release frqm the 
ER and which is known to protect neuronf against A 0 toxicity 
(29), and EGTA prevented cell death induced by DP5. These 
agents provide the situation of low intracellular concentrations 
of calcium. In contrastp nifedipine, a blocker of L-typc voltagc- 
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dependent calcium chaunolg^ had nd efTect, These results indi- 
catod that DP^-induced cell death involvtsts eulcimn release 
from ERp but not cnlcium influx through plasma mombrane 
channels. Previous studies have shown that ER calcium regu- 
lation contributes to apoptufjin of neuronal (29) and nonnouro- 
nal tellK (30, 31), Moreoverp Bcl-2 protcctii lymphoma cells 
against apoptosie induced by thapsigarginp an inhibitor of ER 
calcium-ATPase. and supprcssofi rolt^oKG of calcium from tlic 
ER (32, 33). ColloctivGly, overexpression of DP5 could affuct 
intra- and extra-ER calcium homeoBtasi?, and the resultant 
incroaso in cytosolic calcium concentration could Icsad tq apg- 
ptosifl. The localization of DF5 and ibi human homologuc, Hrk^ 
to tho znomhranea of intracellular organelles (3) supports the 
above hypothesis. However^ it is undaar whether DP5 con 
itself gcnorato channelR on the membranes similarly to Ba^ 
(34) or activate the IP3 pathway and how DPS accelerates the 
colciuiu rcloaso from ER after increase of cytoeolic calcium 
concentration in neuronal death induced by A /3, 

In conclusion^ the present study strongly auggoated that DP5 
play? a significant role in neuronal aptiptoHip followed by expo- 
sure to A 0. Wo aro currently engaged in generation of DPS 
knggkout mice to examine tho roGistance to A /3 toxicity using 
neurons derived from Lhtj mouHe brain. These experimonte will 
holp to elucidete the molecular mechanismii underlying neuro- 
degeneration inducod by A ^ and may allow for the dovolop- 
mont of therapeutic strategies for Alzhoimor'£ digease, 
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